D espite more than a century of incremental progress in decreasing patient morbidity and death, the rates of certain surgical complications remain high in specific patient populations. 2, 16, 21 In addition to harming the patient, surgical complications add significant financial burden on the health care system. 33 One prospective observational study that analyzed spine surgery outcomes revealed that even minor complications increased costs by more than $8000 per patient, on average.
ate an evidence-based approach to VTE prophylaxis, the risk factors that predispose patients to the development of VTE need to be explored further for each type of surgery.
When planning neurosurgical procedures, knowing a patient's VTE risk is of particular importance, because chemoprophylaxis has been associated with intracranial hemorrhage and epidural hematoma, both of which can produce irreversible, devastating neurological deficits. 1, 4, 7, 14 Recent studies have shown that clinicians more commonly avoid pharmacological prophylaxis out of fear of hemorrhage; yet, PEs have been shown to result in a mortality rate higher than that of hemorrhages in patients undergoing neurosurgery. 29, 30, 35 With this cautious avoidance of iatrogenic hemorrhage, patients can be harmed by preventable PEs.
It is difficult to understand the full magnitude of VTE complications in patients after spine surgery, because studies have revealed various rates for PEs and DVTs (from 0.3% to 31%). 11, 13, 15, 25, 28, 31, 36, 41 Variability in the data stems from limited sample sizes and different inclusion criteria. 38 The discrepancies in the data suggest that some of the cohorts might have had characteristics that predisposed them to VTE development. There have been several studies aimed at identifying these potential VTE risk factors, but they were also severely restricted by small sample sizes. 4, 10, 31, 42 The North American Spine Society's recent literature review on antithrombotic therapies for patients undergoing spine surgery stated that there is insufficient evidence in the literature to make recommendations based on the risks or benefits of VTE chemoprophylaxis. 4 There is currently no gold-standard algorithm for determining a patient's risk of VTE development. 6 A large cohort analysis aimed at identifying VTE risk factors in patients undergoing spine surgery could clarify current discrepancies in research and help to provide individualized recommendations regarding VTE chemoprophylaxis in patients undergoing spine surgery. 4, 39 To meet this need, large clinical databases have made massive expansions over the past 20 years and can provide extensive details on perioperative characteristics of all surgeries performed in many different hospitals across the United States.
The purpose of this study was to analyze a large database to identify risk factors for VTE in patients undergoing spine surgery. Clinical factors were examined using information found in the American College of Surgeons (ACS) National Surgical Quality Improvement Project (NSQIP) database (see www.facs.org/quality-programs/ acs-nsqip). 20 The NSQIP database records characteristics, operative factors, and postoperative complications of patients who underwent surgery. For this analysis, data from the years 2006-2010 were selected and examined. Risk factors were identified and used to calculate a risk score that could be used in the future to predict a patient's propensity to develop VTE.
Methods

Data collection
All patient data used in this analysis came from the ACS-NSQIP data set. The NSQIP is an effort by the ACS aimed at the standardized collection of national surgical data with a goal of improving the quality of health care. The ACS-NSQIP collects its data from a surgical clinician reviewer (SCR) at each associated hospital. The SCR is trained by the ACS-NSQIP organization, is audited regularly, and maintains a degree of separation from the facilities' surgeons. 18 The SCR at each facility records and reports preoperative to 30-day-postoperative data on randomly assigned patients directly to the NSQIP. Additional materials describing training and auditing can be found at the ACS-NSQIP website (www.facs.org/ quality-programs/acs-nsqip/program-specifics/data). Between 2006 and 2010, more than 200 hospitals reported to the NSQIP, and those data were analyzed in this study. The following clinical factors from the ACS-NSQIP data set were analyzed: sex; race; CPT code; inpatient status; transfer status; age; anesthesia used; level of resident supervision; height; weight; body mass index (BMI); history of diabetes; history of smoking; history of alcohol use; history of dyspnea; do-not-resuscitate status; functional status prior to surgery; ventilator-dependent spine surgery; history of esophageal varices; history of congestive heart failure; history of myocardial infarction; history of percutaneous coronary intervention; history of angina; history of hypertension requiring medication; history of peripheral vascular disease; history of limb pain at rest or gangrene; history of renal failure; history of transient ischemic attack or stroke prior to surgery; history of bleeding disorder; history of chemotherapy or radiotherapy; history of systemic sepsis; pneumonia prior to surgery; ascites prior to surgery; on dialysis prior to surgery; impaired sensorium prior to surgery; hemiplegia, paraplegia, or quadriplegia prior to surgery; presence of a tumor involving the CNS; disseminated cancer prior to surgery; open wound or wound infection prior to surgery; steroid use for a chronic disease at the time of spine surgery; greater than 10% weight loss prior to surgery; disseminated cancer prior to surgery; open wound or wound infection prior to surgery; blood transfusion of more than 4 units during the spine surgery; pregnant at time of surgery; surgery in 30 days prior to the spine surgery; preoperative laboratory values; surgeon who dictated the records; highest level of training of resident; emergency presentation; wound classification; American Society of Anesthesiologists (ASA) 8 physical status score; airway trauma during spine surgery; number of red blood cell transfusions during spine surgery; duration of anesthesia; duration of spine surgery and total operating room time; intraoperative complication; and a number of postoperative factors including wound infection, pneumonia, unplanned intubation, PE, prolonged ventilation (greater than 48 hours), renal insufficiency or failure, dehiscence, urinary tract infection, stroke, coma lasting longer than 24 hours, cardiac arrest requiring cardiopulmonary resuscitation, myocardial infarction, need for blood transfusions, DVT, sepsis, septic shock, and return to the operating room.
Univariate chi-square analysis was used to identify associations between VTE and clinical factors. The threshold for significance was set using an adjusted a value as determined by Holm-Bonferroni correction. Odds ratios were computed when appropriate. Based on univariate analysis, some categorical variables were converted to binary variables (functional status dependent = 1; ASA Score III-V = 1; age > 60 years = 1; operating room time > 4 hours = 1; BMI > 30 = 1). Binary variables were generated for these categories to calculate ORs and improve the multivariate regression model.
computation of vte risk Score
We used multivariate binary logistical regression (entry level 0.05, exit level 0.1) to analyze the clinical factors with a p value of ≤ 0.05 to determine variables independently associated with VTE events. Preoperative and intraoperative variables were controlled when postoperative complications associated with VTE were independently subjected to multivariate logistic regression. This analysis excluded postoperative events in which the VTE occurred before the complication of interest. Covariate interactions were identified also with chi-square analysis, and these interactions were incorporated stepwise in iterations of multivariate regression; covariate interactions ultimately did not affect the validity of the multivariate model. Analysis of the interactions between postoperative covariates yielded predictably significant interactions between postoperative complications but, similarly, did not affect the multivariate model. Goodness of fit of the multivariate regression model was assessed using the Hosmer-Lemeshow test; p > 0.05 indicates a model that fits the data appropriately.
A total of 13 factors were identified as significant after multivariate regression and were included in the creation of a risk score. Each factor was converted to a binary variable so that the presence of each given factor was assigned a score of 1. Each independent risk factor was assigned 1 point. The factors were used collectively to calculate a patient's VTE risk score. Patients were assigned a total score for VTE risk, and scores ranged from 0 to 13 (median score 2). Because of the small number of patients with a score that exceeded 7, scores above that threshold were grouped together. All patient VTE risk scores were entered into a receiver-operating-characteristic curve, which yielded an area-under-the-curve (AUC) value to grade the predictability of the model; AUC values greater than 0.700 represent acceptable discrimination. 19 SPSS 18.0 software (IBM) was used for all statistical analyses.
results
The rate of VTE in this cohort was 1.1%; specifically, 0.4% were PE, and 0.8% were DVT. Of the 241 patients in this cohort with VTE, 24 (10%) suffered from both PE and DVT. Both PE and DVT were statistically linked to a nearly 10-fold increase in the 30-day mortality rate for both variables (Table 1) .
Univariate analysis revealed a number of preoperative, operative, and postoperative characteristics significantly associated with increased risk of developing VTE. Preoperative factors associated with VTE included dependent functional status, paraplegia, quadriplegia, disseminated cancer, inpatient status, hypertension, history of ischemic attack, sepsis, African American race, presence of tumor, diabetes mellitus, dyspnea, and chemotherapy in the previous 30 days. Operative factors associated with VTE included surgery time ≥ 4 hours, emergent presentation, clean post-spine surgery wound, contaminated post-spine surgery wound, and ASA Score III-V. Postoperative factors associated with the development of VTE included development of infection, bleeding, sepsis, septic shock, urinary tract infection, and ventilator requirement (Tables  2 and 3) .
Factors examined by univariate analysis were investigated further with multivariate binary regression analysis, which determined dependent functional status, paraplegia, quadriplegia, disseminated cancer, inpatient status, hypertension, history of ischemic attack, preoperative sepsis, African American race, surgery time ≥ 4 hours, emergent presentation, ASA Score III-V, and postoperative development of sepsis to be independent statistically significant risk factors (Table 2 ). The VTE risk score showed high predictability of VTE, with incidence rates of 0.1% for those with a score of 0 and 11.7% for those with a score of ≥ 7, and the distributions for PE and DVT were similar (Fig. 1) . A higher VTE risk score also correlated with an increased mortality rate and increased average length of stay ( Table 4 ). The VTE risk score's ability to predict VTE was assessed by using a receiver-operating-characteristic curve. The AUC was 0.757 (95% CI 0.727-0.788).
Discussion
In this analysis, we attempted to identify factors and further stratify patients according to their risk of VTE resulting from spine surgery. By analyzing preoperative characteristics that predispose patients to developing VTE, evidence-based decisions can be made for when to use chemoprophylaxis. In addition, measures can be taken to attenuate these risk factors with the goal of diminishing VTE rates and associated health care costs in patients undergoing spine surgery.
The rise in administrative databases and clinical registries offers an avenue through which the previous limitations of small sample sizes and difficulties associated with performing randomized controlled trials can be overcome.
The ACS-NSQIP database was designed by clinicians and offers the advantage of detailed clinically pertinent factors that contribute to surgical outcomes and complications. The NSQIP database has been shown by several studies to improve surgical quality at local levels.
17,18
The NSQIP database has been used to examine risk factors that affect VTE rates with general surgery, 32, 45 breast surgery, 43 vascular surgery, 9,34,37 oncological surgery, 27 urological procedures, 44 and other neurosurgical procedures. 23 These published studies helped to design the methods of this study and minimize the confounding variables when comparing VTE rates among surgeries. Comparing our results, particularly the rates of DVT and PE, with those of previous studies is difficult because of the inconsistencies in previous measures of VTE in patients undergoing spine surgery. However, the rates calculated here are in line with the mean VTE rates from larger retrospective analyses (approximately 1%-3%).
15,38
These rates (VTE 1.1%, DVT 0.8%, and PE 0.4%) show that spine surgery as a whole does not necessarily result in an increased incidence. This rate might be slightly underestimated, because the NSQIP reports only symptomatic VTEs. The major strengths of the NSQIP registry lie with the extensive associated factors reported for all surgeries that were analyzed here.
When comparing the findings, we identified similar factors contributing to increased VTE risk, including ASA Score ≥ III, disseminated cancer, emergency presentation, preoperative sepsis, dependent functional status, and operation time ≥ 4 hours. Other factors that were significant in other studies and significant here in univariate analysis included the presence of tumor involving the CNS and need for postoperative ventilator for ≥ 48 hours. Although these factors were significant in univariate analysis, they were not deemed significant in our multivariate analysis. Other factors that have been linked to increased VTE risk with other surgeries but were not significant in this study included increased BMI, steroid use, postoperative pneumonia, and postoperative urinary tract infection. 9, 23, 27, 32, 34, 37, 43, 45 It is interesting to note that a number of factors that were not identified in other NSQIP analyses were identified here to be associated with an increased risk of VTE, including paraplegia, quadriplegia, inpatient status, hypertension, history of ischemic attack, and African American race.
Although not identified by NSQIP analyses, these factors have been noted in other studies with different patient settings as potential risks for VTE.
3,12,13,24,26 For instance, Lee et al. 24 performed a small multivariate analysis that predicted that hypertension is a risk factor for any complication in patients undergoing cervical spine surgery. The results of another study by Bell et al., 3 who analyzed 2 large cohorts, suggested that African American race is a risk factor for VTE development. Folsom et al. 12 proposed that the increased rate of VTE development in African American patients might be because they have an increased prevalence of hemoglobin S. As for the VTE risk linked to paraplegia and quadriplegia, we can speculate that the significance is a result of their association with traumatic spine injury that requires surgery and the immobility of these patients. 13, 26 It is important to not classify these as risk factors for VTE development unique to spine surgeries without further investigation of them in other surgical settings.
Although the finding that these clinical factors are associated with VTE is not novel, we believe our development of a risk score demonstrates that these clinical factors are additive in their association with VTE, which is a novel finding. These results raise several questions that merit discussion and future research. Although spine surgery results in a low incidence of VTE development, certain characteristics predispose patients to VTE and can increase their risks nearly 100-fold. Having simple methods for identifying these factors and thus preventing surgical complications are particularly important now with the shift away from fee-for-service toward quality-based reimbursement models. Most of the factors identified here are patient characteristics that are identifiable before surgery, which is important because surgical management can be adjusted to reduce complications based on the patient's VTE risk. The VTE risk score presented here provides a simple means for clinicians to calculate patient VTE risk at the bedside and can aid in making an evidence-based judgment on when to use chemoprophylaxis.
The VTE risk score shows a clear correlation between increased rate of VTE and each additional VTE risk factor identified here (Table 4) . A value of 1 was assigned to each risk factor in hopes of making calculation of the risk score more applicable to clinicians at the bedside with time constraints. The risk-score trend shown in Fig. 1 shows that the nonweighted risk score generated here still predicts VTE development. There is great utility in the simplicity of this calculation for clinical use. Still, further research should be directed toward exploring the pathogenesis and significance of each risk factor. By better understanding each risk factor, a weighted VTE risk-score calculator could be developed to provide a more accurate determination of VTE development based on which unique risk factors each patient has. Of the 13 significant VTE risk factors, only 1 factor was postoperative. With the majority of the factors identifiable before surgery, the VTE risk score shows great promise for preventing VTE development through bedside applications. By studying these 13 VTE risk factors specifically in patients undergoing spine surgery, research efforts can be focused on reducing the development of VTE.
This study has several limitations. Any retrospective analysis has a potential for error due to selection bias; however, the ACS-NSQIP attempted to reduce selection bias by expanding the number of hospitals that participate in the database. Although the breadth of the database has benefits, it also raises concerns regarding the quality and reliability of the data because of potentially different interpretations of the parameters for reportable events. This concern is minimized by the demanding data-quality requirements that have affected the quality of surgical care in other studies. 17 The NSQIP set the standard for DVT to mean that a clot demands anticoagulation or vena cava filter placement in addition to diagnosis by duplex ultrasound, venography, or computed tomography of a thrombosis occurring along a vein. 20 As for PE, the NSQIP requires that the diagnosis be made by either a highly probable ventilation-perfusion scan or definitively with another imaging modality. 20 The strict requirements can still contribute to selection bias, because only hospitals with certain resources, predominantly large academic institutions and research facilities, contribute to the ACS-NSQIP data set. Another limitation of the ACS-NSQIP database is that the method of VTE prophylaxis is not reported to the database. Patients with known VTE risk factors might have been offered a prophylactic measure that prevented a VTE, and therefore, important risk factors might not have been fully evident in our study. However, our study still identified 13 risk factors that might be less obvious and still significant, because the lack of reporting VTE prophylaxis is more likely to result in the underestimation of a risk factor than overestimation.
It is obvious that analysis based on a data set is limited by the data collected. A limitation of our study resides in details about each PE and DVT that occurred in these patients, because the ACS-NSQIP data set does not provide information on the location of the VTE. Additional relevant data lacking in the ACS-NSQIP database would be information regarding the use of chemoprophylaxis and resulting hemorrhagic complications. Another limitation of our model is that it has not been validated. Future investigations should aim to validate the utility of this VTE risk score in predicting VTE in other neurosurgical cohorts and assessing other factors intrinsic to the surgery, such as surgical approach, that can be added to the score. Validation of this study might be achieved through repeating this risk-factor analysis with data from other national databases and with newer data to compare the significant risk factors. In addition, a prospective study analyzing various VTE-prophylaxis strategies in patients thought to be at high risk for VTE based on the score presented here would be a reasonable next step for further validation.
conclusions Although the rate of VTE incidence in patients undergoing spinal surgery is low, the potential for severe complications from clotting and hemorrhaging that lead to epidural hematoma raises concern for identifying patients at high risk for VTE development. A number of patient and operative characteristics have been linked to increased risk of VTE. The VTE risk score presented here found 13 unique factors that increase a patient's risk of developing a PE or DVT. Additional studies should aim to validate this score and inspect the clinical benefits of VTE prophylaxis in patients at high risk.
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